The presence of a chlamydia-specified antigen associated with the plasma membrane of infected cell lines was demonstrated by indirect immunofluorescence staining with a monoclonal antibody, designated 47A2, specific for the chlamydial genus-specific lipopolysaccharide (LPS) antigen. Staining of HeLa, L-929, and McCoy cells infected with the L2 or F serovar of Chlamydia trachomatis was observed either without fixation or following aldehyde fixation and brief drying. The 47A2-reactive antigen appeared to be present on the plasma membrane, on bleb-like structures on the host cell surface, and on proximal processes of neighboring uninfected cells. Antibodies to chlamydial protein antigens such as the major outer membrane protein produced no surface staining under similar conditions. Membrane vesicles elaborated from infected cells were enriched for the 47A2-reactive antigen. Superinfection of chlamydia-infected cells with vesicular stomatitis virus, an enveloped virus which buds from the plasma membrane, allowed purification of progeny virions that were enriched with chlamydial LPS. These results are consistent with the presence of chlamydial LPS in the plasma membranes of infected host cells.
The life cycle of Chlamydia trachomaitis requires a variety of interactions between the bacterium and membranes of the host cell; both the plasma membrane and internal membrane structures of the host cell are involved in the chlamydial growth cycle. This obligate intracellular pathogen must interact with the cell surface to gain access to the host cell (1, 8, 13) . Once the pathogen is inside the cell and enclosed in a membrane-bound vesicle, or phagosome, the fusion of phagosomal and lysosomal membranes is inhibited (12, 35) , allowing the bacteria to remain in a relatively isolated intracellular environment. In addition, while residing within the host cell, chlamydiae seem to be relatively resistant to host immune cytolytic effector mechanisms (16, 24, 25) which, to be effective during the intracellular tenure of the organism, must surmount the barrier of the host cell plasma membrane (33, 35) . The immune responses stimulated during chlamydial infection include those that may be targeted against chlamydia-specified structures on the infected host cell surface.
Our initial hypothesis was that since chlamydiae behave as intracellular pathogens, they may deposit on the surface of the infected cell an antigen that is chlamydia specified in a manner analogous to that observed for viruses (11) . Initial attempts to test this hypothesis utilized surface iodination of infected cells to identify on sodium dodecyl sulfate gels novel protein bands that were not evident in samples from control cells; these attempts were unsuccessful and revealed no difference between infected and uninfected cells. In addition, no chlamydia-specific antigen was recovered following immunoprecipitation of 125I-surface-labeled infected cells with polyclonal antisera.
Using polyclonal antichlamydia antibodies, Richmond and Stirling (26) identified a chlamydia-derived antigen on the surface of infected cells by indirect immunofluorescence staining of Formalin-fixed and dried cells. To identify the specific antigen(s) responsible for this reactivity, we used a similar approach with a panel of monoclonal antibodies. The * Corresponding author. reactivity of one antibody, 47A2, with the surface of fixed and unfixed infected cells indicated that the chlamydial lipopolysaccharide (LPS) becomes associated with the cell plasma membrane during chlamydial infection. This association was confirmed by demonstrating an enrichment for chlamydial LPS in vesicles shed from infected cells and in virions of vesicular stomatitis virus (VSV) purified following superinfection of chlamydia-infected cells.
(A preliminary report of some of these experiments was presented previously [341.)
MATERIALS AND METHODS
Chlamydial strains and growth conditions. C. trachoinatis L,/434/Bu and F/UW6/Cx were used in these studies; chlamydial strains were supplied from the reference collection of the Division of Infectious Diseases, Indiana University School of Medicine. Stocks of chlamydiae were harvested from McCoy, HeLa-229, or L-929 cell monolayers in 150-cm2 flasks as described previously (20) .
Monoclonal antibodies. The production of murine monoclonal antibodies 1A5 and F221/6C2/C2 has been described previously (3); these antibodies are specific for the major outer membrane proteins of serovars L2 and F, respectively. Antibody 47A2 was recovered following fusion of splenocytes from a BALB/c mouse that had been immunized with elementary bodies of strain L,/434/Bu to the SP2/0-Agl4 cell line as described previously (3) . All antibodies were used as unfractionated ascites fluids.
Indirect immunofluorescence staining. A modification of the method of Richmond and Stirling (26) was used to examine chlamydia-infected cultures for the distribution of chlamydial antigens. At different times postinoculation, chlamydia-infected and uninfected control monolayers on cover slips were rinsed with phosphate-buffered saline (PBS) and fixed in either 4% formaldehyde or 4% glutaraldehyde in PBS for 20 min (26 (Fig.  3A) , but there was little or no staining with anti-MOMP antibodies (Fig. 3B) . Vesicle shedding was induced at various times following chlamydial infection; the relative ratios of LPS and MOMP were determined by the dot blot immunoassay with specific monoclonal antibodies and were compared with the ratios obtained for unfractionated lysates of infected cells obtained at the same times. The relative LPS content of vesicles was lower than that of intact infected cells during the early stages of infection but increased sharply at 25 h (Fig. 4) . It may be noteworthy that this increase occurred coincident with the commencement of condensation of reticulate bodies to elementary bodies (27) . Vesicles induced by treatment with cytochalasin D and vinblastine yielded similar results, although vesicle size was more uniformly distributed around 10 ,um. Superinfection with VSV. To confirm that chlamydial LPS was being incorporated in the plasma membrane of infected cells, the cells were superinfected with VSV. Since the envelopes of the progeny virions are derived from the host cell plasma membrane (17, 36) , those particles arising from chlamydia-infected cells should be enriched with chlamydial LPS.
L-929 cells were infected with C. trachomatis L2/434/Bu for 20 h and superinfected with VSV. Preliminary experiments indicated that, by 8 h following viral inoculation, cell rupture was slight and progeny VSV titers in the culture medium were high (around 3.7 x 108 PFU/ml). Progeny virions released into the culture medium were purified on sucrose gradients. In the case of chlamydia-infected cells, a pellet of material composed of chlamydial particles and cellular fragments formed at the bottom of the gradient tubes. The pellet, in addition to the VSV band, was analyzed for the amounts of LPS and MOMP with monoclonal antibodies 47A2 and lA5, respectively. The LPS/MOMP ratio in purified virions was more than twice that in the gradient pellet and purified elementary bodies ( Table 2) .
The presence of MOMP reactivity in the purified virion preparations suggested contamination with chlamydial organisms. Repurification of the virions on a second sucrose gradient resulted in a recovery of 33% of the LPS reactivity with no detectable MOMP reactivity (Table 2) . To determine whether the chlamydial antigens were adventitiously associated with the VSV virions, control virions were admixed with 90% of the pellet acquired from the chlamydia-infected cultures. Following repurification, little or no chlamydial antigens were detectable in the virion preparations. This finding also indicates that the method of virion purification effectively eliminated contamination with intact chlamydiae.
Similar results were obtained with C. trachomatis F/ UW6/Cx. In this case, recovered virions were enriched with 47A2-reactive antigen by a factor of five as compared with unfractionated lysates of infected cells and by a factor of 10 as compared with isolated elementary bodies ( Table 2) 
DISCUSSION
Chlamydiae are obligate intracellular bacteria which appear to possess a cell envelope similar in some respects to that of gram-negative bacteria. Although apparently lacking a murein sacculus (14) , chlamydiae have both inner and outer membranes (29) . Among the components of this envelope are the MOMP, which may substitute structurally for the peptidoglycan (15, 21) , and LPS. Chlamydial LPS is structurally reminiscent of the deep rough LPS of Re strains of Salmonella spp., including a trisaccharide of ketodeoxyoctonate but lacking additional core polysaccharides and 0 side chains (5, 22, 23) . The novel 2--8 linkage of the second and third ketodeoxyoctonate moieties is the major contributing structure to the antigenic epitope recognized by various "group-specific" serological reagents (4, 6, 7, 9, 10, 30) , including monoclonal antibody 47A2 used in these studies.
The goal of this study was to identify a chlamydial antigen in the plasma membrane of infected eucaryotic host cells.
Upon screening a panel of monoclonal antibodies by the immunofluorescence staining technique of Richmond and Stirling (26) , one antibody was identified, designated 47A2, which stained the surface of chlamydia-infected cells. Determination of the antigenic specificity of 47A2 indicated that it reacted with chlamydial LPS. The surface staining was chlamydia dependent; i.e., staining was observed on infected McCoy, HeLa, and L-929 cells, while uninoculated cultures were devoid of staining. Staining was first detecta- 
